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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
semiconductor device in which the detection accuracy 
of incident light and the response of an optical signal are 
enhanced while reducing noise. 

SOLUTION: The optical semiconductor device comprises 
a second conductivity type semiconductor region 3 and 
a plurality of light receiving elements formed on a first 
conductivity type semiconductor substrate 2 wherein an 
LO COS film 6 is employed for isolating the plurality of 
light receiving elements. 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical semiconductor device which is an optical semiconductor device equipped 
with two or more photo detectors, and is characterized by separating between said two or more 
photo detectors with the LOCOS film. 

[Claim 2] The optical semiconductor device which is an optical semiconductor device equipped 
with the semiconductor region of the 2nd conductivity type formed on the semi-conductor 
substrate of the 1 st conductivity type, and two or more photo detectors, and is characterized by 
separating between said two or more photo detectors with the LOCOS film. 
[Claim 3] The optical semiconductor device characterized by being the optical semiconductor 
device equipped with the semiconductor region of the 2nd conductivity type formed on the 
semi-conductor substrate of the 1 st conductivity type, and two or more photo detectors, and for 
the LOCOS film having separated between said two or more photo detectors, and forming the 
embedding field of the 1st conductivity type of high high impurity concentration directly under 
said LOCOS film compared with said semi-conductor substrate. 

[Claim 4] The optical semiconductor device characterized by having the embedding field of the 
2nd conductivity type of high high impurity concentration on the semi-conductor substrate of 
the 1st conductivity type, being the optical semiconductor device in which the high 
concentration impurity range of the 1st conductivity type was formed on the front face of the 
semiconductor region of the 2nd conductivity type formed on said embedding field, and the 
semiconductor region of said 2nd conductivity type, equipping said optical semiconductor device 
with two or more photo detectors, and separating between said two or more photo detectors 
with the LOCOS film. 

[Claim 5] The optical semiconductor device according to claim 1 to 4 which set width efface of 
said LOCOS film to 2 micrometers or less. 

[Claim 6] The optical semiconductor device according to claim 2 to 4 with which said LOCOS 
film has penetrated the semiconductor region of said 2nd conductivity type. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] a cross talk [ in / about the optical semiconductor device with which this 
invention was equipped with the photo detector which processes a photo-electric^conversion 
signal / the isolation region between especially two or more photo detectors ] — controlling — a 
high speed — low — it is related with the optical semiconductor device for realizing a noise 
photo detector. 
[0002] 

[Description of the Prior Art] In order to detect from the former the laser beam reflected from 
the disk in optical disks, such as CD and DVD, the optical semiconductor device with two or 
more light-receiving fields is used. In recent years, a photo detector with a built-in circuit which 
has high-speed frequency characteristics is becoming it is strong in an outpatient department 
noise, and in use with the formation of small high performance of an optical disk unit. Moreover, 
improvement in the speed of an optical semiconductor device, high-sensitivity-izing, and low 
noise-ization are demanded more for high-performance-izing in the optical disk unit of DVD. 
[0003] Hereafter, the structure of the conventional optical semiconductor device is explained. 
[0004] Drawing 6 is the sectional view showing the 1st structure in the conventional optical 
semiconductor device. 101 is the photo detector section. P+ embedding field which separates 
between the P-type semiconductor substrate with which 102 consists of P type silicon, the N- 
type semiconductor layer by which 103 was formed on the P-type semiconductor substrate 102. 
the insulator layer by which 104 was formed on the N-type semiconductor layer 103, the 
antireflection film with which 105 was formed in the photo detector section 101. and the photo 
detector of plurality [ 106 ]. and between a photo detector and transistors, and 107 are P+ 
diffusion fields which separate between two or more photo detectors and between a photo 
detector and transistors. The cathode contact field where 108 was formed in the cathode field of 
the photo detector section 101. and 1 1 1 was formed on the cathode field 108, and 1 12 are the 
cathode electrodes formed on the cathode contact field 111. The anode drawer field 
alternatively formed on the other hand on the P-type semiconductor substrate 102 whose 1 14 is 
an anode field, the anode contact field where 115 was formed on the anode drawer field 114, and 
116 are the anode electrodes formed on the anode contact field 115. 

[0005] 1 18 is the transistor section. N+ mold collector drawer field in which 1 19 was formed 
alternatively [ N+ mold collector embedding field of an NPN transistor and 120 / an N type 
collector field and 121 ] on the circumference of the N type collector field 120, N+ mold 
collector contact field where 122 was formed on N+ mold collector drawer field 121, and 123 are 
the collector electrodes formed on N+ mold collector contact field. Moreover, the P type base 
region where 124 was alternatively formed in the N type collector field 120, P+ mold base 
contact field where 125 was alternatively formed on the circumference piece the P type base 
region 124 side, and 126 are the base electrodes formed in P+ mold base contact field 125. N+ 
mold emitter region which 127 countered P+ mold base contact field 125, and was formed 
alternatively on the other hand, and 128 are the emitter electrodes formed on N+ mold emitter 
region 127. 
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[0006] In the photo detector section 101, by carrying out incidence of the light to a light- 
receiving field, an electron-hole pair is generated, the drift of this generated carrier is carried out 
by the electric field in a depletion layer [ / near the PN-junction section of the photo detector 
section 101 which impressed the reverse bias ], and it is outputted as a photocurrent from an 
electrode. On the other hand, although the diffusion current by the carrier concentration 
gradient is also outputted as a photocurrent from an electrode, since it is longer than the drift 
transit time, generally a diffusion time is one of the factors to which a speed of response is 
reduced. 

[0007] In the 1 st conventional structure, since a carrier is generated by the light absorbed near 
the PN-junction section of the P-type semiconductor substrate 102 and the cathode field 108 
used as an anode field and it is outputted outside as a photocurrent, when the permeation depth 
of light is deep infrared light especially to silicon, it is advantageous structure. Moreover, 
although two or more photo detectors have the advantage that between components is 
completely separable in PN isolation region, since separation width of face becomes 
comparatively large, the point which cannot improve a degree of integration is disadvantageous. 
[0008] Drawing 7 is drawing showing the circuit of current potential conversion, and, as for the 
incident light (lightwave signal) by which 129 is used as a photo detector and incidence of 130 is 
carried out to a photo detector 129, and 131, amplifier and 132 are gain resistance. Photo 
electric conversion of the light by which incidence was carried out to the photo detector 129 in 
the circuit as shown in drawing 7 is carried out, current potential conversion is carried out with 
the amplifier 131 which consists of a transistor, a capacitative element, a resistance element, 
etc., and the signal output of this current is carried out. It not only performs signal detection by 
the photocurrent outputted from each light-receiving field, but it is usually controlling optical 
pickup equipment by optical pickup equipments, such as CD, by acquiring a tracking signal and a 
focal signal from the location of a laser beam, or change of a configuration using two or more 
photo detectors. 

[0009] Drawing 8 is the sectional view showing the 2nd structure in the conventional optical 
semiconductor device. 109 is an N type cathode embedding field and N+ mold channel stopper 
field where an N type cathode drawer field and 113 separate an anode field according to N+ mold 
diffusion layer, and. as for 110, 117 separates a light-receiving field. 

[0010] In the 2nd conventional structure, a lightwave signal will be detected near the PN- 
junction section of the cathode field 108 and the anode field 1 13, and it is the advantageous 
structure in the case of red light with the shallow permeation depth of light, or blue glow 
especially to silicon. Moreover, although there is an advantage which can comparatively narrow 
separation width of face between photo detectors by N+ mold channel stopper field 1 1 7 to the 
1st conventional structure, since even the P-type semiconductor substrate 102 has not 
reached, the point that the separation property of two or more photo detectors is inferior to the 
1st conventional structure is disadvantageous [ N+ mold channel stopper field 117 ]. 
[0011] 

[Problem(s) to be Solved by the Invention] However, with the conventional configuration, since a 
PN junction is formed in the separation section while the separation width efface between photo 
detectors becomes large, it becomes the cause of a cross talk and detection precision will fall. 
[0012] Drawing 5 (a) is a top view of the photo detector section used with optical pickup 
equipment etc., and, as for the 1st light sensing portion A, the separation section of the former 
[ 32 / 33 / the 2nd light sensing portion B and ], and 34, 31 is [ the separation section of this 
invention and 35 ] the optical scan directions. Drawing 5 (b) is drawing having shown the optical 
scan property of a photo detector, and the optical scan property in the separation section 33 of 
the former [ 36 ] and 37 are the scanning properties in the separation section 34 of this 
invention which showed relative relation with the conventional separation section 33. 
[0013] When the optical scan of a light sensing portion and the separation section is carried out 
in the direction of the arrow head of drawing like drawing 5 (a), as shown in drawing 5 (b), in the 
optical scan property 36 in the conventional separation section 33, the cross talk between two 
or more photo detectors becomes large. In the conventional isolation construction, in order to 
use a PN junction or a high-impurity-concentration difference, the carrier generated by the light 
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irradiated by the isolation region will be outputted to a light-receiving field which spreads and is 
different in the direction depending on the concentration gradient of a carrier as a photocurrent, 
and will cause a cross talk, and detection precision will fall. Furthermore, there is also a problem 
that a speed of response falls by the potential barrier between an embedding field and a cathode 
field. Moreover, under the isolation region by the embedding field, a depletion layer is not formed 
in a semi-conductor substrate, but, moreover, the potential barrier is formed of a high-impurity- 
concentration difference, and since time amount is taken until the carrier generated directly 
under the isolation region reaches the PN-junction section, a speed of response falls. 
Furthermore, there is also a problem that frequency characteristics fall with the parasitic 
capacitance by the PN junction of an isolation region. 

[0014] Then, in order that this invention may solve said conventional problem, it improves the 
detection precision of the light which carries out incidence, aims at improvement in the speed of 
response of a lightwave signal, and aims at offering the optical semiconductor device which 
realizes low noise-ization. 
[0015] 

[Means for Solving the Problem] In order to attain said purpose, the optical semiconductor 
device of this invention is an optical semiconductor device equipped with two or more photo 
detectors, and is characterized by separating between said two or more photo detectors with 
the LOCOS film. 

[0016] Moreover, the optical semiconductor device of this invention is an optical semiconductor 
device equipped with the semiconductor region of the 2nd conductivity type formed on the 
semi-conductor substrate of the 1st conductivity type, and two or more photo detectors, and is 
characterized by separating between said two or more photo detectors with the LOCOS film. 
[0017] Moreover, the optical semiconductor device of this invention is an optical semiconductor 
device equipped with the semiconductor region of the 2nd conductivity type formed on the 
semi-conductor substrate of the 1st conductivity type, and two or more photo detectors, 
separates between said two or more photo detectors with the LOCOS film, and is characterized 
by forming the embedding field of the 1st conductivity type of high high impurity concentration 
directly under said LOCOS film compared with said semi-conductor substrate. 
[0018] Moreover, it has the embedding field of the 2nd conductivity type of high high impurity 
concentration on the semi-conductor substrate of the 1st conductivity type, and it is the optical 
semiconductor device in which the high concentration impurity range of the 1st conductivity 
type was formed on the front face of the semiconductor region of the 2nd conductivity type 
formed on said embedding field, and the semiconductor region of said 2nd conductivity type, said 
optical semiconductor device is equipped with two or more photo detectors, and the optical 
semiconductor device of this invention is characterized by separating between said two or more 
photo detectors with the LOCOS film. 

[0019] since the LOCOS film has separated between each photo detector when forming two or 
more photo detectors which adjoined by the above, even if incidence of the light is carried out to 
an isolation region, in an isolation region, a carrier is not generated by the light, but the cross 
talk between the photo detectors which adjoined can be stopped, and detection precision can be 
boiled markedly and can be raised. Moreover, since the PN junction of the separation section of 
structure is conventionally lost with the LOCOS film and potential barrier to which the speed of 
response of a lightwave signal is reduced is lost, frequency characteristics can be improved. 
Furthermore, since capacity can be reduced by the parasitic capacitance by the PN junction 
being lost, improvement in frequency characteristics can be performed. 

[0020] Moreover, as for the optical semiconductor device of this invention, it is desirable to set 
width efface of said LOCOS film to 2 micrometers or less. 

[0021] Moreover, said LOCOS film can also make the optical semiconductor device of this 
invention the structure which has penetrated the semiconductor region of said 2nd conductivity 
type. 
[0022] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained. 
[0023] (Operation gestalt 1) Drawing 1 is the sectional view showing the structure of the optical 
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semiconductor device in the 1st operation gestalt of this invention. 1 is the photo detector 
section. The P-type semiconductor substrate of the 1 st conductivity type with which 2 consists 
of P type silicon, the N-type semiconductor layer of the 2nd conductivity type with which 3 was 
formed on the P-type semiconductor substrate 2, the insulator layer by which 4 was formed on 
the N-type semiconductor layer 3. the antireflection film with which 5 was formed in the photo 
detector section 1, and 6 are LOCOS film which separates between two or more photo 
detectors and between a photo detector and transistors. The separation by the LOCOS film 
oxidizes a silicon substrate thermally for the silicon nitride (not shown) formed in the silicon 
substrate alternatively as a mask, and performs separation between components with a thick 
oxide film (insulator layer). 

[0024] The cathode contact field where 7 was formed in the cathode field of the photo detector 
section 1, and 10 was formed on the cathode field 7, and 1 1 are the cathode electrodes formed 
on the cathode contact field 10. The anode drawer field alternatively formed on the other hand 
on the P-type semiconductor substrate 2 whose 13 is an anode field, the anode contact field 
where 14 was formed on the anode drawer field 13, and 15 are the anode electrodes formed on 
the anode contact field 14. 

[0025] 16 is the transistor section. N+ mold collector drawer field in which 17 was formed 
alternatively [ N+ mold collector embedding field and 18 / an N type collector field and 19 ] on 
the circumference of the N type collector field 1 8, N+ mold collector contact field where 20 was 
formed on N+ mold collector drawer field 19, and 21 are the collector electrodes formed on N+ 
mold collector contact field 20. Moreover, the P type base region where 22 was alternatively 
formed in the N type collector field 18. P+ mold base contact field where 23 was alternatively 
formed on the circumference piece the P type base region 22 side, and 24 are the base 
electrodes formed in P+ mold base contact field 23. N+ mold emitter region which 25 countered 
P+ mold base contact field 23, and was formed alternatively on the other hand, and 26 are the 
emitter electrodes formed on N+ mold emitter region 25. 

[0026] In the structure of this operation gestalt 1, since a carrier is generated by the light 
absorbed near the PN-junction section of the P-type semiconductor substrate 2 and the 
cathode field 7 used as an anode field and it is outputted outside as a photocurrent, when the 
permeation depth of light is deep infrared light especially to silicon, it is advantageous structure. 
With this operation gestalt 1, since two or more photo detectors are electrically separated by 
the LOCOS film 6. the cross talk of the photoelectrical signal by which incidence is carried out 
to an isolation region can be controlled. Furthermore, since separation is an insulator layer, PN- 
junction capacity will be lost, the parasitic capacitance of a photo detector will be reduced, and 
the frequency characteristics of a photo detector expressed with the formula of f=2 pi/RC (R is 
series resistance and C is PN-junction capacity) will improve. 

[0027] Drawing 2 (a) is the top view of the photo detector section which irradiated light, and the 
current beam positions 1 and 42 where in 38 the 2nd light sensing portion B and 40 irradiated 
the separation section between photo detectors in the center of a light sensing portion, and the 
1st light sensing portion A and 39 irradiated light to 41 show the current beam position 2 which 
irradiated light at the separation section. Drawing 2 (b) is drawing showing the frequency 
characteristics in the conventional separation section. Drawing 2 (c) is drawing showing the 
frequency characteristics in the separation section of this invention. 

[0028] When the center and the separation section of a light sensing portion are irradiated like 
drawing 2 (a), by the conventional separation section, there is an advantage that frequency 
characteristics do not fall, in the separation section of this invention like drawing 2 (c) to 
frequency characteristics falling like drawing 2 (b). 

[0029] (Operation gestalt 2) Drawing 3 is the sectional view showing the structure of the optical 
semiconductor device in the 2nd operation gestalt in this invention, and 27 is P+ mold embedding 
field of the 1st conductivity type of LOCOS film 6 directly under. Other configurations are the 
same as the operation gestalt 1. 

[0030] In this operation gestalt 2, since the potential barrier becomes high by being 
characterized by forming P+ mold embedding field 27 directly under [ LOCOS film 6 ] a light- 
receiving field, and making high impurity concentration of P+ mold embedding field 27 higher than 
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the P-type semiconductor substrate 2. it becomes possible to control the leakage current by the 
carrier generated directly under LOCOS film 6. and a cross talk can be reduced. 
[0031] (Operation gestalt 3) Drawing 4 is the sectional view showing the structure of the optical 
semiconductor device in the 3rd operation gestalt in this invention. A cathode embedding field 
for 8 to improve a speed of response and 9 are the cathode drawer fields alternatively formed on 
the cathode embedding field 8. On the other hand, the diffusion depth of 12 from the front face 
of the N-type semiconductor layer 3 is shallow, and it is the anode field made into high high 
impurity concentration. As for P+ mold drawer field and 29, 28 is [ P+ mold contact field and 30 ] 
grand electrodes. In the structure of this operation gestalt 3, since a carrier is generated by the 
light absorbed near the PN-junction section of the cathode field 7 and the anode field 12 and it 
is outputted outside as a photocurrent, it is the advantageous structure in the case of red light 
with the shallow permeation depth of light, or blue glow especially to silicon. With this operation 
gestalt 3, since two or more photo detectors are conventionally separated electrically by the 
LOCOS film 6 completely as compared with structure, the cross talk of the photoelectrical signal 
by which incidence is carried out to an isolation region can be controlled, moreover, since it 
becomes possible to boil markedly anode spacing in two or more photo detectors conventionally 
as compared with structure, and to narrow it, in the photo detector section 1 , improvement in a 
degree of integration and improvement in an array degree of freedom are realizable. 
[0032] In the structure of said operation gestalten 1-3 , it become possible to set width of face 
of the LOCOS film to 2 micrometers or less , and since the detection precision of the light which 
carry out incidence conventionally as compared with structure be not only improve , but raise a 
degree of integration and a limit of the separation width efface between photo detectors be 
reduce . there be an advantage that the design of a desired light sensing portion can be perform . 

[0033] moreover, in the structure of the operation gestalt 1 and the operation gestalt 2, since 
between two or more photo detectors is electrically separated when the LOCOS film has 
penetrated the N-type semiconductor layer 3. as compared with structure, it can be markedly 
alike conventionally, a cross talk can be reduced, and there is an advantage that improvement in 
the speed of response of a lightwave signal is realizable. 

[0034] Furthermore, in the structure of the operation gestalt 1 and the operation gestalt 2. when 
the LOCOS film 6 does not penetrate the N-type semiconductor layer 3. P+ mold embedding 
field can be formed for example, directly under LOCOS film 6, or the N-type semiconductor layer 
3 can be made into high specific resistance, and the cross talk between photo detectors can be 
reduced. This operation gestalt is suitable when it is difficult for the LOCOS film to make the N- 
type semiconductor layer 3 penetrate when the N-type semiconductor layer 3 is thick, it can 
reduce a cross talk conventionally as compared with structure, and has the advantage that 
improvement in the speed of response of a lightwave signal is realizable. 
[0035] In addition, although the example which used the semi-conductor layer of the 2nd 
conductivity type as the N-type semiconductor layer by using the semi-conductor substrate of 
the 1st conductivity type as a P-type semiconductor substrate explained with the above- 
mentioned operation gestalten 1-3, when P type and N type are replaced by turns and carried 
out, the same effectiveness as the aforementioned operation gestalt is acquired. 
[0036] 

[Effect of the Invention] This invention can realize the optical semiconductor device whose 
frequency characteristics whose detection precision improves by reducing the cross talk 
between light-receiving fields, and improve further as mentioned above by forming said LOCOS 
film in the isolation region between two or more light-receiving fields. Moreover, since the 
arrangement in which the degree of freedom approached the array of two or more photo 
detectors as compared with increase and the former by using said LOCOS film for the isolation 
region between light-receiving fields is attained, improvement in a degree of integration and 
reduction of a cross talk are realizable for coincidence. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the structure of the optical semiconductor device in 
the 1st operation gestalt of this invention. 

[ Drawing 2 (a)] It is the top view of the photo detector section which irradiated light. 
[ Drawing 2 (b)] It is drawing showing the frequency characteristics in the conventional 
separation section. 

[ Drawing 2 (c)] It is drawing showing the frequency characteristics in the separation section of 
this invention. 

[Drawing 3] It is the sectional view showing the structure of the optical semiconductor device in 
the 2nd operation gestalt of this invention. 

[Drawing 4] It is the sectional view showing the structure of the optical semiconductor device in 
the 3rd operation gestalt of this invention. 

[ Drawing 5 (a)] It is the top view of the photo detector section. 

[ Drawing 5 (b)] It is drawing having shown the optical scan property of a photo detector. 
[Drawing 6] It is the sectional view showing the 1st structure of the conventional optical 
semiconductor device. 

[Drawing 71 It is the circuit diagram of current potential conversion. 

[Drawing 8] It is the sectional view showing the 2nd structure of the conventional optical 
semiconductor device. 
[Description of Notations] 

1 Photo Detector Section 

2 P-type Semiconductor Substrate 

3 N-type Semiconductor Layer 

4 Insulator Layer 

5 Antireflection Film 

6 LOCOS Film 

7 Cathode Field 

8 Cathode Embedding Field 

9 Cathode Drawer Field 

10 Cathode Contact Field 

1 1 Cathode Electrode 

12 Anode Field 

13 Anode Drawer Field 

14 Anode Contact Field 

15 Anode Electrode 

16 Transistor Section 

17 N+ Mold Collector Embedding Field 

18 N Type Collector Field 

19 N+ Mold Collector Drawer Field 

20 N+ Mold Collector Contact Field 

21 Collector Electrode 
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22 P Type Base Region 

23 P+ Mold Base Contact Field 

24 Base Electrode 

25 N+ Mold Emitter Region 

26 Emitter Electrode 

27 P+ Mold Embedding Field 

28 P+ Mold Drawer Field 

29 P+ Mold Contact Field 

30 Grand Electrode 

31 Light Sensing Portion A 

32 Light Sensing Portion B 

33 The Conventional Separation Section 

34 Separation Section of this Invention 

35 The Optical Scan Direction 

36 Scanning Property in the Conventional Separation Section 

37 Scanning Property in Separation Section of this Invention 

38 Light Sensing Portion A 

39 Light Sensing Portion B 

40 Separation Section 

41 Current Beam Position 1 

42 Current Beam Position 2 

101 Photo Detector Section 

102 P-type Semiconductor Substrate 

103 N-type Semiconductor Layer 

104 Insulator Layer 

105 Antireflection Film 

106 P+ Embedding Field 

107 P+ Diffusion Field 

108 Cathode Field 

109 N Type Cathode Embedding Field 
HON Type Cathode Drawer Field 

1 1 1 Cathode Contact Field 

112 Cathode Electrode 

113 Anode Field 

114 Anode Drawer Field 

1 15 Anode Contact Field 

116 Anode Electrode 

1 17 N+ Mold Channel Stopper Field 

118 Transistor Section 

1 19 N+ Mold Collector Embedding Field 

120 N Type Collector Field 

121 N+ Mold Collector Drawer Field 

122 N+ Mold Collector Contact Field 

123 Collector Electrode 

124 P Type Base Region 

125 P+ Mold Base Contact Field 

126 Base Electrode 

127 N+ Mold Emitter Region 

1 28 Emitter Electrode 

129 Photo Detector 

130 Incident Light 

131 Amplifier 

1 32 Gain Resistance 
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DRAWINGS 



[Drawing 1] 
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[Drawing 3] 
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[Drawing 4l 
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[Drawing 5] 
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